The Chundru X-ray observatory, one of NASA's "Great Observatories," provides high angular and spectral resolution X-ray data which is freely available to all. In this review I describe the instruments on chandra along with tem, the freely-available chundra analysis software package CIAO, and the chandm archive. As chandra is in its 6th year of operation, the archive already contains calibrated observations of a large range of X-ray sources. The chundra Xray Center is committed to assisting astronomers from any country who wish to use data from the archive or propose for observations.
Introduction
The Chalzdra X-ray Observatory launched on the Space Shuttle planning and development.
ed to be a scopy. Chandru's mira level comparable to antly better than any previous cannot be done within or near the radiation belts). As a result, Chandru regularly achieves an observing fraction of nearly 70%, extremely high for satellite observations.
Mirrors
The Chundru High Resolution Mirror Assembly (HRMA) is responsible for its sub-arcsecond imaging. The HRMA consists of four pairs of nested mirrors in a Wolter Type-I NASA's "Great Observatory" misubble Space Telescope, the Compton Gamma Ray Observatory, and the Spitzer Space Telescope. a 30' diameter, which encompasses the entire ACIS detector array and most of the HRC (see below for details about the Chandra detectors).
The primary differences between Chandra and XMMNewton (Gabriel, Guainazzi and Metcalfe, 2005) are found in their mirrors. XMM-Newton has three X-ray telescopes, each with 58 nested gold-coated nickel shells, while Chan&a's single HRMA has only 4 mirror pairs made of precisely formed iridium-coated glass. As a result, XMM-Newton has a larger effective area than Chandra, but worse angular resolution.
The HRMA was calibrated at the NASA/Marshall Space Flight Center X-ray Calibration Facility pre-flight, and these measurements have been used to cross-check the in-flight calibration with excellent results. More information about the HFWA and the latest calibration can be found at http://cxc.harvard.edu/cal/Hrma.
ACIS
The Advanced CCD Imaging Spectrometer (ACIS) (Garmire et al., 2003) is the most-used detector on Chaizdra. Unlike XMM-Newton, Chandra has only a single HRMA and the observer must chose the detector to put into the focal plane. The ACIS is a set of 10 CCDs arranged in two patterns: a 2 x 2 array with a 17' square field of view used primarily for imaging, and a 1 x 6 array with a 8.5' x 51' field of view, used primarily for grating observations. The user can select up to 6 CCDs to be used for any observation (the 6 CCD limit is set by the power available from the solar panels). The CCDs are operated in single-photon counting mode, which provides tion is handled by the CXC as part of the standard pipeline analysis (see Section 3.2). For more information about the ACIS, please see http: //cxc . harvard. edu/proposer/ POG/html/ACIS.html.
HRC
The High Resolution Camera (HRC) (Murray et al., 2000) instrument consists of two microchannel plate detectors. The HRC-I is designed for imaging and has a 30' square field of view, while the HRC-S is designed to be used with LETG grating (see Section 2.5) and has a 6' x 99' field of view. As these are microchannel plate detectors, they have no useful energy resolution but do have better timing and a smaller pixel size than the ACIS detectors. In addition, they do not suffer from photon pileup as happens in CCD detect0 the event rate becomes large.
toTs is 16ps, in flight the actual event approximately 4 ms due to a wiring e sible in special cases to regain cial instrument mode. For mo please see http : //cx html/HRC . html.
Although the intrinsi
ctors, Chaizdra has a two different an be inserted, although only one can e High Energy Transmis-G) (Canizares et al., 2000) was designed modest @/A E -50 spectral resolution) and limited timi information.
illuminated' (BI) CCDs. The FI CCDs have th tures mounted facing the mirrors, whil inverted. As a result, the BI CCDs have at low energies since no X However, they also have lower spectral resolution.
the H CCDs with sedp with the ACIS-S detector, although it could be ACIS-I or the HRC (in practice this is not useful fic observations). The HETG itself contains two ifferent gratings, the High Energy Grating (Ah = 0.012&
The ACIS contains 8 'front-illuminated' (FI) n the Chandra resolution now er. The CXC has det this effect as part of
The pixel si ACIS CCDs is 0.492" on a side; as a result the ACIS barely samples the full HRNlA resolution. To reduce the effect of pixel-to-pixel calibration uncertainties, and to avoid damaging the on-axis pixels, Chandra dithers in a 16" lissajous pattern during all ACIS observations. A separate instrument using an optical CCD called the Aspect Camera is used to point Chandi-a and to remove the effect of dither from the final images and event files. The reducand the Medium Energy Grating (Ah = 0.023A). These two gratings are arranged so that their dispersion axes are angled -10" from each other, so that both dispersed spectra can be independently extracted. The HEG spectral range is 1.2-15&0.8-10 keV), while the MEG spectral range covers 2.5-31&0.4-5 keV). The HEG has twice the resolution of the MEG, balanced by a smaller effective area. Unlike theXMM-Newton RGS, the Chandra gratings lose resolution quickly for sources larger than a few arcseconds. For point sources, however, the HETG combines high spectral resolution with sufficient effective area to measure spectra from both Galactic and extragalactic sources.
The HETG has significantly overlapping orders, but these can be easily separated using the energy resolution of the ACIS-S CCDs. By design, the HETG suppresses the even order peaks in order to maximize the first order intensity; for bright sources, the 3rd order spectrum can be used and provides even higher resolution. For more information about portunities; these data are also immediately available to all. Access to the archive is normaIIy done via the Internet, using either the standalone "chaser" java applet or the web interface "webchaser" available at http://cda.harvard.edu/chaser/main Entry.do. The main archive is stored at the CXC in Cambridge, but a mirror site is also available in the UK at the University of Leicester. Chandra datasets vary in size from -50 MI3 to over 2GB, depending on the detector used, the source flux, and the length of the observation. If network speed is a limiting factor, a CD-ROM can be made at the CXC and sent to the user. Chandra's launch opened the new era of X-ray astronomy, adding capabilities in the X-ray that could finally match optical telescopes in angular and spectral resolution. The open proposal process allows any astronomer to use Charzdra's capabilities, and the relatively modest computing requirements combined with the open archive allow relatively easy access to Chandra datasets. The CXC has actively supported the COSPAR X-ray astronomy schools in the past, and remains committed to supporting the use of Chandra around the world.
